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Description 

Background of the Invention 
Field of the Invention 

[0001] This invention relates to a dental composition 
for occluding dentinal tubules. More specifically, it re- 
lates to a dental composition for relieving dentin hyper- 
sensitivity which induces pain sensations caused by 
cold water, hot water, sweet, acidic foods and scraping, 
by occluding dentinal tubules. Further, it relates to a den- 
tal composition which can be preserved stably and hy- 
gienically. 

Prior Art 

[0002] Cold and heat pain sensations which are en- 
countered when your tooth is brought into contact with 
air or water having different temperature from body tem- 
perature, sweet and acid taste pain sensations which 
are encountered when you have sweet and acid foods, 
a scraping pain sensation which is encountered when 
your tooth is brought into contact with a toothbrush or 
like, and others are caused by dentin hypersensitivity or 
pulpitis. 

[0003] Pulpitis occurs as the result of inflammation 
caused by the infection of dental pulp with bacteria, and 
its pain sensation is continued for a relatively long period 
and can be treated only by removing the dental pulp. 
[0004] Meanwhile, dentin hypersensitivity is a tempo- 
rary induced pain sensation produced by physical or 
chemical stimulus. Therefore, a technique for easing the 
nerve cell of pulp whose reaction to stimulus is hyper- 
sensitive and a technique for excluding external stimu- 
lus to dental pulp have been proposed as a measure to 
overcome dentin hypersensitivity. 
[0005] Pashley et al. propose in the specification of 
US Patent No. 4,057,621 a dental composition for re- 
lieving hypersensitivity which comprises an oxalate of a 
mono- or bi-substituted alkali metal or ammonium in a 
concentration range of from 2 % by weight to saturation 
as well as a technique for relieving hypersensitivity. 
[0006] In JP-A-4-217904 (the term "JP-A" as used 
herein means an "unexamined published Japanese pat- 
ent application), Imai et al. propose a dental treatment 
composition for forming a precipitate by sequentially ap- 
plying two liquids A and B containing substances which 
generate a hardly soluble precipitate when mixed to- 
gether. In this proposal, liquid A is an aqueous solution 
containing 1 to 70 % of a sodium salt, potassium salt or 
lithium salt of an inorganic or organic acid, and liquid B 
is a mixture containing at least one selected from the 
group consisting of chlorides, nitrates, sulfates and ac- 
etates of calcium, zinc, strontium, magnesium, alumi- 
num, barium, iron, copper, silver, lead and tin, or an 
aqueous solution containing 1 to 70 % of calcium chlo- 
ride, zinc chloride or strontium chloride. 



[0007] JP-A-6-145020 proposes a crystal forming 
primer for crystal generating teeth, which comprises (A) 
a solution of 1 to 35 % potassium oxalate, (B) aluminum 
oxalate and (C) 2 % nitric acid. 
5 [0008] JP-A-5-70358 proposes a treatment agent for 
dentin hypersensitivity containing the following compo- 
nents (A) and (B). The component (A) is colloidal zinc 
hydroxide and/or zinc oxide obtained by mixing a water- 
soluble zinc salt and a polyol phosphoric acid ester and/ 
10 or a salt thereof in an aqueous medium, and the com- 
ponent (B) is a zinc salt of a polyol phosphoric acid ester. 
[0009] In JP-A-5-255029, Imai etal. propose a dental 
treatment composition for forming a precipitate by se- 
quentially applying two liquids A and B containing sub- 
15 stances capable of producing fluoroapatite swiftly when 
mixed together. In this respect, the liquid A contains a 
water-soluble phosphoric acid salt in a concentration of 
1 to 30% and a water-soluble fluoride in an amount of 
0.01 to 5 % by weight, and the liquid B contains a water- 
20 soluble calcium salt in an amount of 1 to 30 % by weight. 
[0010] JP-A-6-116153 proposes a coating agent for 
relieving hypersensitivity which consists of a first liquid 
containing an aluminum compound and a second liquid 
containing at least one compound selected from the 
25 group consisting of phosphoric acid compounds, oxalic 
acid compounds, silicic acid compounds, fluorides and 
compounds providing alkalinity. This proposal is aimed 
to precipitate a precipitate in dentinal tubules which are 
open to the exposed surface of dentin and occlude the 
30 dentinal tubules by applying a solution of a compound 
or composition for forming a precipitate on the surface 
of a tooth. It also makes use of the effect of alleviating 
the activity of sensory nerves with a certain compound 
such as a potassium ion. 
.35 [001 1] However, it has been difficult to newly form on 
the surface of dentin a predetermined amount of a pre- 
cipitate large enough to occlude a dentinal tubule which 
is said to have a diameter of 1 to 3 ^m because of im- 
pedient conditions such as the properties of a tooth and 
a sanitary state of the surface of dentin. To attain this 
purpose, a long-time treatment and repetitions of a treat- 
ment have been employed and patients have suffered 
more pain in these treatments. 

[0012] A technique for easing the nerve cell of pulp is 
45 aimed to paralyze or ease the nerve cell which is made 
hypersensitive by a medicine or the like. However, its 
mechanism has not been elucidated thoroughly. One of 
the means of excluding external stimuli from dental pulp 
is to occlude dentinal tubules for connecting the outside 
50 and the dental pulp, and as described above, there is a 
proposal for occluding dentinal tubules with a precipitate 
formed on the surface' of a tooth as described above. 
However, formation of a precipitate or precipitation of a 
precipitate in a dentinal tubule could not be carried out 
55 satisfactorily depending on the opening conditions of the 
dentinal tubule, near the surface of dentin and the prop- 
erties of a tooth, thereby making it impossible to keep 
occlusion stably for a prolonged time. 
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[0013] In JP-A-6-57080, Nakabayashi et at. propose 
an emulsion of a polymer which comprises a recurring 
unit derived from a (meth)acrylic acid ester and a recur- 
ring unit derived from a vinyl compound having a func- 
tional group -S0 3 R (R is hydrogen atom, an alkali metal 5 
or an ammonium ion) and a method for relieving dentin 
hypersensitivity using the same. Advantages obtained 
by applying a polymer emulsion to dentin hypersensitiv- 
ity are (1) a large amount of a polymer can be applied 
with a relatively low-viscosity liquid and (2) a film formed *o 
of the polymer becomes insoluble in water when it is 
dried. Since a solvent for an aqueous emulsion of a pol- 
ymer is water, there are almost no handling problems 
such as toxicity and ventilation. 

15 

Summary of the Invention 

[0014] The inventors of the present Invention have 
conducted additional experiments based on the above 
proposal made by Nakabayashi et al. f and have ob- 20 
served the effect of relieving hypersensitivity in 15 out 
of 17 patients having dentin hypersensitivity. However, 
a remarkable relieving effect was not observed in the 
remaining 2 patients. The inventors have conducted in- 
tensive studies on the cause of no effect and found that 25 
the amount of an emulsion charged into a dentinal tu- 
bule and the stability (retention) of a formed film differ 
depending on the opening conditions of the dentinal tu- 
bule and the location and properties of dentin. In other 
words, when the opening of the dentinal tubule is small, 30 
the emulsion may not be thoroughly charged into the 
tubule. Further, when the content of hydroxyapatite such 
as deep dentin and root dentin is small, adhesion of the 
formed film to the surface of dentin and retention of ad- 
hesion may be insufficient. 35 
[001 5] It is therefore an object of the present invention 
to provide a dental composition which is for use in re- 
lieving dentin hypersensitivity by occluding dentinal tu- 
bules. 

[0016] It is another object of the present invention to *o 
provide a dental composition capable of occluding a 
dentinal tubule even when the tubule has a small diam- 
eter. 

[0017] It is a further object of the present invention to 
provide a dental composition which can relieve hyper- 45 
sensitivity immediately and for a prolonged period. 
[0018] The above objects and advantages of the 
present invention can be attained by a dental composi- 
tion for relieving dentin hypersensitivity comprising (A) 
an aqueous emulsion component (1) which contains so 
polymer particles as emulsion particles having a diam- 
eter smaller than that of a dentinal tubule and forming 
an agglomerate larger than the diameter of a dentinal 
tubule when they react with a calcium compound and 
(2) which has a metal ion concentration in a dispersing 55 
medium of 1,000 ppm or less, and (B) a water-soluble 
organic acid component or a water-soluble salt compo- 
nent thereof, a calcium salt of the organic acid being 



insoluble or hardly soluble in water. 
[0019] The other objects and advantages of the 
present invention will become apparent from the follow- 
ing detailed description of the invention. 

Detailed Description of the Invention 

[0020] The component (A) is a polymer emulsion 
(hereinafter sometimes referred to as "latex") prepared 
by emulsifying or dispersing a natural resin or a synthet- 
ic resin into water. The component (A) is characterized 
in that the emulsified or dispersed polymer contains 
emulsion particles having a particle diameter smaller 
than the diameter of a dentinal tubule and that the pol- 
ymer can form an agglomerate having a diameter larger 
than that of a dentinal tubule when it reacts with a cal- 
cium compound. 

[0021] In order to make an aqueous emulsion pene- 
trate to a depth sufficient for occluding dentinal tubules, 
the particle diameter of the emulsion particle of the pol- 
ymer must be smaller than the diameter of a dentinal 
tubule. The diameter of a dentinal tubule differs depend- 
ing on its location and depth and by each tubule, but it 
is generally in the range of 1 to 3 u,m. Therefore, the 
average particle diameter of the emulsion particle of the 
polymer contained in the component (A) is preferably 3 
\im or less, more preferably 1 \ivn or less. 
[0022] The diameter of a dentinal tubule can be gen- 
erally measured by observing through a scanning elec- 
tron microscope (SEM) the surface of dentin exposed 
by cutting out the enamel of a removed tooth which has 
been brushed with a toothbrush and dentifrice for 1 
minute or more and then subjected to ultrasonic clean- 
ing in water. 

[0023] There is a distribution for the particle diameters 
of the emulsion particles of the component (A) and all 
the emulsion particles do not need to have a particle di- 
ameter smaller than the diameter of a dentinal tubul . 
Preferably, emulsion particles having a particle diameter 
of less than 3 urn account for 50 % or more by weight 
of the total of all the emulsion particles contained in the 
component (A), and, more preferably, all the emulsion 
particles have a particle diameter of less than 3 11m. In 
addition to the above condition, particularly preferably, 
emulsion particles having a particle diameter of 1 ftm or 
less account for 65 % or more by weight, more prefera- 
bly 75 % or more by weight. The object of the present 
invention can be attained by emulsion particles having 
the above particle diameter distribution. 
[0024] The polymer usable as the component (A) of 
the present invention is homopolymers or copolymers 
synthesized from radical polymerizable monomers. Il- 
lustrative examples of the radical polymerizable mono- 
mer include conjugated diene monomers such as buta- 
diene and isoprene; aromatic vinyl monomers such as 
styrene, ot-methylstyrene and chlorostyrene; vinyl cya- 
nide monomers such as acrylonitrile and methacryloni- 
trile; alkyl (meth)acrylic esters such as methyl(meth) 
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acrylate (hereinafter referred like this as a generic name 
for acrylic acid and methacrylic acid), ethyl (meth)acr- 
ylate and butyl (meth)acrylate; vinyl halides and vinyli- 
denes such as vinyl chloride, vinyl bromide, vinylidene 
chloride and vinylidene bromide; vinyl esters such as vi- 
nyl acetate and vinyl propionate; and the like. These 
monomers may be used alone or in combination of two 
or more for polymerization. 

[0025] Preferably, the polymer synthesized from the 
above radical polymerizable monomers is chemically 
bonded to a functional group which reacts with a calcium 
compound. The functional group which reacts with a cal- 
cium compound is at least one selected from the group 
consisting of a carboxyl group, a group haying at least 
one hydroxyl group bonded to a phosphorus atom, and 
a sulfonic acid group. Methods for introducing the above 
functional group include one for introducing a functional 
group into a polymer, typified by a polystyrene sulfonat- 
ing method and one for hydrolyzing a polymer contain- 
ing a carboxylate or phosphate. An alternative preferred 
method is to copolymerize the above radical polymeriz- 
able monomer and a radical polymerizable monomer 
having the above functional group or a functional group 
which can be easily converted into the above functional 
group in water. Illustrative examples of the radical po- 
lymerizable monomer having a functional group which 
reacts with a calcium compound are given below. 
[0026] Illustrative examples of the radical polymeriz- 
able monomer having a carboxyl group or a functional 
group which can be easily converted into a carboxyl 
group in water include monocarboxylic acids, dicarbox- 
ylic acids, tricarboxylic acids, tetracarboxylic acids, and 
salts and anhydrides thereof, such as (meth)acrylic ac- 
id, maleic acid, p-vinyl benzoic acid, 11-(meth)acryloy- 
loxy-1,1-undecanedicarboxylic acid (MAC-10), 1,4-di 
(meth)acryloyJoxyethylpyromellitic acid, 6-(meth)acry- 
loyloxyethylnaphthalene-1,2,6-tricarboxylic acid, 
4-(meth)acryloyloxymethyltrimellitic acid and an anhy- 
dride thereof, 4-(meth)acryloyloxyethyltrimellitic acid 
and an anhydride thereof, 4-(meth)acryloyloxybutyltrim- 
ellitic acid and an anhydride thereof, 4-[2-hydroxy- 
3-(meth)acryloyloxy]butyltrimellitic acid and an anhy- 
dride thereof, 2, 3-bis(3,4-dicarboxybenzoyioxy) propyl 
(meth)acrylate, N,0-di(meth)acryloyloxytyrosine, 
0-(meth)acryloyloxytyrosine, N-(meth)acryloyioxytyro- 
sine, N-(meth)acryloyloxyphenylalanine, N-(meth)acry- 
loyl-p-aminobenzoic acid, N-(meth)acryioyl-0-ami- 
nobenzoic acid, 2-, 3- or 4-(meth)acryloyloxybenzoic 
acid, adduct of 2-hydroxy ethyl (meth)acrylate with py- 
romellitic dianhydride (PMDM), adduct of 2-hydroxye- 
thyl (meth)acrylate with maleic anhydride or 3,3" ,4,4'- 
benzophehonetetracarboxylic dianhydride (BTDA) or 
3 f 3\4,4'-biphenyltetracarboxylic dianhydride, adduct of 
2-(3,4-dicarboxybenzoy!oxy)1 ,3-di(meth)acryloyloxy- 
propane, N-phenylglycine or N-tolyl glycine with glycidyl 
(meth)acrylate, 4-[(2-hydroxy-3-(meth)acryloyloxypro- 
pyl)amino]phthalic acid, 3- or 4-[N-methyl-N-(2-hy- 
droxy-3-(meth)acryloyloxypropyl)amino]phthalic acid 



and the like. Among these, preferred are 11-methacry- 
loyloxy-1,1-undecanedicarboxylic acid (MAC-10) and 
4-methacryloyloxyethyltrimellitic acid (4-MET) and an 
anhydride thereof (4-META). 

5 [0027] Preferred examples of the group having at 
least one hydroxyl group bonded to a phosphorus atom 
and the functional group which can be easily converted 
into the above group in water include phosphoric ester 
groups having one or two hydroxyl groups and salts 

10 thereof. Illustrative examples of the polymerizable mon- 
omer having such a group include 2-(meth)acryloy- 
loxyethylacid phosphate, 2- or 3-(meth)acryioyloxypro- 
pylacid phosphate, 4-(meth)acryloyloxybutylacid phos- 
phate, 6-(meth)acryloyloxyhexylacid phosphate, 

15 8-(meth)acryloyloxyoctylacid phosphate, 10-(meth) 
acryloyloxydecylacid phosphate, 12-(meth)acryloyloxy- 
dodecylacid phosphate, bis{2-(meth)acryloyloxyethyi} 
acid phosphate, bis{2- or 3-(meth)acryloyloxypropyl}ac- 
id phosphate, 2-(meth)acryloyloxyethylphenylacid 

20 phosphate, 2-(meth)acryloyloxyethyl-p-methoxypheny- 
lacid phosphate and the like. Compounds in which the 
phosphoric acid group contained in the above com- 
pounds is substituted with a thiophosphoric acid group 
are also included in these examples. Among these, pr - 

25 ferred. are 2-(meth)acryloyloxyethylphenylacid phos- 
phate and 10-(meth)acryloyloxydecylacid phosphate. 
[0028] Illustrative examples of the polymerizable 
monomer having a sulfonic acid group or a functional 
group which can be easily converted into a sulfonic acid 

30 group in water include 2-sulfoethyl (meth)acrylate, 2- or 

1- sulfo-1 or 2-propyl (meth)acrylate, 1- or 3-sulfo- 

2- butyl (meth)acrylate, 3-bromo-2-sulfo-2-propyl (meth) 
acrylate, 3-methoxy-1 -sulfo-2 -propyl (meth)acrylate, 
1 ,1-dimethyl-2-sulfoethyl (meth)acrylamide, styrene 

35 sulfonic acid and salts thereof, of which, 2-methyl- 
2-(meth)acrylamidepropanesulfonic acid, styren sul- 
fonic acid and salts thereof are preferred. 
[0029] The number average molecular weight Mn, 
measured by a GPC method, of the polymer contained 

40 in the component (A) is usually 3,000 or more, prefera- 
bly 7,000 or more, more preferably 10,000 or more. The 
upper limit of the number average molecular weight is 
generally 5,000,000. The component (A) may contain 
the polymer as an emulsion particle in an amount of 0.1 

45 to 60 % by weight, preferably 0.5 to 40 % by weight, 
more preferably 1 to 20 % by weight. 
[0030] Preferably, the component (A) is an emulsion 
containing as an emulsion particle a copolymer having 
alkyl (meth)acrylic ester units having 4 to 8 carbon at- 

50 oms and styrene sulfonic acid units in a molar ratio of 
alkyl acrylic ester units to styrene sulfonic acid units of 
50/50 to 99.5/0.5, which the copolymer is obtained by a 
polymerization method not using an emulsifier, i.e., a so- 
called soap-free emulsion polymerization. As this copol- 

55 ymer emulsion, the one proposed in JP-A-6-57080 can 
be used. A more preferred example is a component (A) 
prepared by forming emulsion particles of the copolymer 
having a diameter of 3 jjm or less, preferably 1 or 
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less, more preferably 0.5 \im or less, with a dispersion 
grinder such as a high-speed mixer or a homogenizer 
such that the emulsion particles are contained in the 
component (A) in an amount of 0.5 % or more by weight 
thereby to improve the dispersion stability. Above all, 
emulsion particles of the copolymer having a particle di- 
ameter of 1 .0 |im or less preferably account for 50 % by 
weight, more preferably 75 % or more by weight, the 
most preferably 1 00 % by weight of the total of emulsion 
particles. 

[0031] The emulsion particle having a particle diame- 
ter smaller than that of a dentinal tubule, contained in 
the component (A), is able to form an agglomerate hav- 
ing a diameter larger than that of the dentinal tubule 
through its reaction with a calcium compound when a 
calcium compound such as calcium chloride is added to 
the component (A). The diameter of the agglomerate is 
generally more than 3 pm, preferably 10 p.m or more, 
more preferably 50 jim to several thousands yim. 
[0032] The addition of the calcium compound is in the 
range of 10 to 100 parts by weight based on 100 parts 
of an nonvolatile component contained in the emulsion. 
[0033] Using the component (A) having the above 
properties in the composition of the present invention, 
a small sized emulsion particle penetrating into a denti- 
nal tubule reacts with a calcium ion eluted from hy- 
droxyapatite present in dentin that forms dentinal tu- 
bules or a calcium ion present in a marrow liquid con- 
tained in dentin to form a great number of large agglom- 
erates. The great number of large agglomerates thus 
formed are laid continuously in the longitudinal direc- 
tions of the dentinal tubules as a coating film. The tu- 
bules are occluded by the formation of the coating films. 
The formation of these occluded tubules is made quickly 
by using the component (B) of the present invention and 
kept for a prolonged period because adhesion between 
the agglomerate and dentin is maintained for a long 
time. 

[0034] The nonvolatile component in the component 
(A) is contained in an amount of 0.1 to 60 parts by 
weight, preferably 0.5 to 40 parts by weight, more pref- 
erably 1 to 20 parts by weight, based on 100 parts by 
weight of the dental composition. 

[0035] The component (B) of the composition of the 
present invention serves to control the agglomeration 
speed of emulsion particles contained in the component 
(A), that is, the speed of forming hardly soluble gels (ag- 
glomerates), and to improve the durability of a coating 
film formed of the hardly soluble gel by allowing the com- 
ponent (B) to form a calcium salt which is insoluble or 
hardly soluble in water. 

[0036] The calcium salt of the component (B) is a crys- 
tal in various forms. It is generally spherical, relatively 
roundish oval, laminar or needle-shaped. Although its 
size differs depending on the form of a crystal, a spher- 55 
ical or roundish oval crystal has an average diameter of 
0.1 to 10 ^im, a laminar crystal has an average side 
length of 0.1 to 10 fim, and a needle-shaped crystal has 



a thickness of 0.1 to 5 \xm and a length of 1 to 10 u,m. 
The calcium salt having such forms is present on the 
surface of dentin and in dentinal tubules together with a 
hardly soluble gel generat d from the component (A) 
and serves to promote the occlusion of the dentinal tu- 
bules and to reduce volume shrinkage at the time of the 
formation of the hardly soluble gel or drying. 
[0037] The component (B) in the present invention is 
a water-soluble organic acid or a water-soluble salt 
thereof. The calcium salt of the organic acid is a salt 
which is insoluble or hardly soluble in water. Water in- 
solubility or difficulty of being soluble in water is judged 
by the presence or absence of a precipitate generated 
when a solution containing the component (B) and a so- 
lution containing calcium are mixed together. The pres- 
ence or absence of the precipitate can be known by the 
relationship between solubility product and ion product. 
That is, when the ion product of the calcium salt of the 
component (B) is equal to or larger than a solubility prod- 
uct, the calcium salt is considered as insoluble or hardly 
soluble in water. 

[0038] For the simple measure for the generation of 
a precipitate, there is a visual method for observing the 
generation of a precipitate when an aqueous solution 
containing 1 to 5 % by weight of a water-soluble organic 
acid or a water-soluble salt component thereof and an 
aqueous solution containing the same volume range of 
calcium chloride are mixed together. 
[0039] The component (B) in the present invention 
can include oxalic acid or a water-soluble oxalic acid salt 
selected from the group consisting of oxalic acid, and 
metal salts, ammonium salts and amine salts of oxalic 
acid, or propionic acid or a water-soluble propionic acid 
salt selected from the group consisting of propionic acid, 
and metal salts, ammonium salts and amine salts of pro- 
pionic acid. 

[0040] The measure for water solubility is that water 
solubility at 25 °C should be 0.5 g/100 ml or more. Spe- 
cific examples of the water-soluble oxalic acid com- 
pound include oxalic acid, hydrogen sodium oxalate, so- 
dium oxalate, hydrogen potassium oxalate, potassium 
oxalate, hydrogen lithium oxalate, lithium oxalate, hy- 
drogen ammonium oxalate, ammonium oxalate, aniUne 
oxalate, zinc potassium oxalate, aluminum oxaiat , alu- 
minum ammonium oxalate, aluminum sodium oxalate, 
antimony potassium oxalate, chromium potassium 
oxalate, hydrogen barium oxalate, iron potassium 
oxalate and the like. Among these, preferred are oxalic 
acid, hydrogen potassium oxalate and iron potassium 
oxalate. 

[0041] In the present invention, when the component 
(A) is contained preferably in an amount of 50 to 99.5 
parts by weight, more preferably 70 to 99 parts by 
weight, the most preferably 90 to 98 parts by weight, 
based on 100 parts by weight of the total of the compo- 
nents (A) and (B), the effect of the present invention is 
exhibited remarkably. 

[0042] The proportion of the component (B) affects 
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the size and the amount of precipitation of the calcium 
salt of the component (B). If the amount of precipitation 
is small or the crystal size is too small with a proportion 
below the above range, an expected effect may not be 
exhibited fully. On the other hand, if the proportion of the 
component (B) is beyond the above range, the calcium 
salt may be precipitated from the solution or agglomer- 
ate the emulsion particles considerably when it reaches 
its saturation. 

[0043] As for how to use the composition comprising 
the components (A) and (B), 

(1) both the components (A) and (B) are mixed to- 
gether and kept in a container, and the resulting 
mixture is applied to form a coating film, or 

(2) a composition comprising the component (A) 
kept in a container A and a composition comprising 
the component (B) kept in a container B are applied 
sequentially in a desired order or mixed together im- 
mediately before use and applied to form a coating 
film. 

[0044] To the dental composition of the present inven- 
tion may be added an agglomeration promoting agent 
in a concentration range that does not impair the effect 
of the present invention. Illustrative examples of the ag- 
glomeration promoting agent include inorganic acids 
such as hydrochloric acid and nitric acid; chlorides and 
oxides of iron, copper, zinc, strontium, silver and tin; or- 
ganic acids such as formic acid, acetic acid, lactic acid, 
citric acid, itaconic acid, maleic acid, succinic acid, malic 
acid, tannic acid, toluene sulfonic acid, adipic acid, tar- 
taric acid and ascorbic acid; EDTA and metal salts there- 
of; and the like. A fluoride such as sodium fluoride or 
potassium fluoride may also be used as required. And, 
inorganic or organic calcium salts such as calcium chlo- 
ride, calcium hydroxide, calcium bicarbonate, calcium 
carbonate, calcium oxide, calcium hydrogen phosphate, 
calcium phosphate, hydroxyapatite or the like may be 
also used in a concentration range not impairing the ef- 
fect of the invention. 

[0045] Further studies conducted by the inventors 
have revealed that the durability of a coating film of a 
composition comprising the components (A) and (B) of 
the present invention formed on the surface of dentin is 
affected by the concentration of metal ions contained in 
the dispersing medium of an emulsion, and that the 
higher the concentration of metal ions the lower the du- 
rability becomes. The inventors have therefore studied 
the metal ions contained in the dispersing medium of 
the emulsion and the durability of the coating film and 
have found that a coating film having excellent durability 
can be obtained by purifying the emulsion to reduce the 
concentration of metal ions to 1,000 ppm or less, pref- 
erably 800 ppm or less, more preferably 500 ppm or 
less. 

[0046] To reduce the concentration of metal ions to 
the above low level, a diafiltration method using an ul- 



trafiltration apparatus or a dialysis method can be used. 
Of these methods, the above diafiltration method is pre- 
ferred. 

[0047] The diafiltration method using an ultrafiltration 
5 apparatus is used as one of membrane filtration and 
membrane separation techniques in food, medicine and 
other industrial fields. An ultrafiltration apparatus and 
membrane are described in Outline of Membrane Treat- 
ment Technology edited by Hiroshi Shimizu, supervised 
10 by Masayuki Nakagaki and published by Fuji Techno- 
system Publication Co. 

[0048] The apparatus described in the above publica- 
tion can be used in the present invention. An ultrafiltra- 
tion apparatus and membrane described in Recent Ap- 
is plication of Flat Membrane-type Ultrafiltration Appara- 
tus written by Suguru Higasa In the December 1990 is- 
sue of Gekkan Food Chemical can also be used. More 
specifically, PC Cassette System manufactured by 
Rhone Poulenc can be used. Illustrative examples of a 
20 material for a cassette-like membrane include polyacry- 
lonitrile copolymers, polyvinylidene fluoride, sulfonated 
polysulfone, polyether sulfone and the like, of which, sulr 
fonated polysulfone is preferred. 

[0049] Water usable to reduce the concentration of 
25 metal ions contained in the dispersion medium of the 
emulsion in the present invention is selected from dis- 
tilled water, deionized water, purified water and the like. 
Water called "strongly oxidized water" or "strong acid 
water", obtained by electrolysis of water, can also be 
30 used. The above water preferably has a metal ion con- 
centration of 100 ppm or less, more preferably 10 ppm 
or less, the most preferably 1 ppm or less. 
[0050] Further, in the present invention, considering 
that the composition is used in the oral cavity, water 
35 which conforms to medical and food standards such as 
water conforming to the standards of the Japanese 
Medical Law or water authorized as a food additive is 
preferably used. 

[0051] Surprisingly, it has newly been found that the 
40 component (A) of the present invention can suppress 
the proliferation of bacteria in addition to its effect of pro- 
viding excellent film durability by reducing the concen- 
tration of metal ions in the dispersing medium to 1,000 
ppm or less through the diafiltration method using an 
45 ultrafiltration apparatus in particular. That is, it has been 
revealed that no generation of mold is observed and fur- 
ther transplanted mold is not grown by reducing the con- 
centration of metal ions contained in the dispersing me- 
dium of the component (A) to 1,000 ppm or less. Gen- 
50 eration and proliferation of such bacteria as mold are 
not only insanitary but also readily cause generation of 
a bad smell and destruction of an emulsion due to the 
agglomeration of emulsion particles disadvantageously. 
[0052] To prevent generation of bacteria in the emul- 
55 sion, an antiseptic component (C) can be used. The 
term "antiseptic" include mildewproofing agents. 
[0053] Antiseptics usable in the present invention are 
those which can be generally used industrially. Howev- 
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er, antiseptics suitable for the purpose of the present 
invention should have low toxicity and be sanitary to the 
human body and should not impair the effect of relieving 
hypersensitivity without agglomerating emulsion parti- 
cles significantly for a short or long period. Cohesive- 
ness of emulsion particles is greatly affected by the 
chemical structure and amount of an antiseptic used. 
Meanwhile, the effect of an antiseptic is greatly affected 
by the components and composition of a polymer con- 
stituting an emulsion, the concentration of components 
dissolved in the emulsion such as cations and anions, 
and pH of the emulsion. Therefore, a combination of an- 
tiseptics which satisfies the above three requirements - 
low toxicity and sanitation to the human body, no ag- 
glomeration of emulsion particles and antiseptic effect - 
should be selected. 

[0054] Illustrative examples of the antiseptic compo- 
nent (C) which can be suitably used in the dental com- 
position of the present invention include aliphatic alco- 
hols such as ethanol, n-propanol and isopropanol; hal- 
ogenated aliphatic alcohols such as chlorobutanol and 
2-bromo-2-nitropropanol-1,3-diol (to be abbreviated as 
Bronopol hereinafter); aromatic alcohols such as 

2.4- dichlorobenzyl alcohol, 2-phenoxyethanol, phenox- 
yisopropanol, phenylethyl alcohol and 3-(4-chlorophe- 
noxy)-1,2-propane diol; aldehydes such as 5-bromo- 
5-nitro-1,3-dioxane, formaldehyde, paraformaldehyde 
and glutaraldehyde; gradually-liberating agent capable 
of forming an aledehyde such as hexamethylenete- 
tramine, monomethylol dimethyl hydantoin and dimeth- 
ylol methyl hydantoin under acidic condition; amides 
such as chloroacetoamide; ureas such as N,N'-methyl- 
ene-bis(N'-(1-(hydroxymethyl)-2,5-dioxo-4-imida2olidi- 
nyl)urea, N-(hydroxymethyl)-N-(1 ,3-dihydroxymethyl- 

2.5- dioxo-4-imidazolidinyl)-N , -(hydroxymethyl)urea; in- 
organic sulfites, bisulfites and pyrosulfites such as so- 
dium sulfite, potassium sulfite, sodium bisulfite, potas- 
sium bisulfite, sodium pyrosulfite and potassium pyro- 
sulfite; inorganic acids such as boric acid; organic acid 
compounds such as formic acid, propionic acid, 10-un- 
decylenic acid, sorbic acid, benzoic acid, salicylic acid 
and 2-acetyl-5-hydroxy-3-oxo-4-hexanoic acid 6 lac- 
tone; antibiotics such as 2,6-diacetyl-7,9-dihydroxy- 
8,9b-dimethyl-1 ,3-(2H,9bH)-dibenzoflane-dione; p-hy- 
droxy benzoate compounds such as benzoate p-hy- 
droxymethyl, benzoate p-hydroxyethyl, benzoate p-hy- 
droxy n-propyl, benzoate p-hydroxy n-isopropyl, ben- 
zoate p-hydroxy n-butyl, benzoate p-hydroxy isobutyl, 
benzoate p-hydroxy t-butyl, and benzoate p-hydroxy 
benzyl; halogenated phenol compounds such as 4-chlo- 
ro-3-methyl phenol, 4-chloro-3,5-xylenol, 3,4,5, 6-tetra- 
bromo-O-cresol, 2,4-dichloro-3,5-xy1enol, 2-benzyl- 
4-chloro-phenol, 2,2 , -methylene-bis-(4-chlorophenol) 1 
3,3'-dibromo-5,5'-dichloro-2,2'-dihydroxy-diphenyl- 
methane and 2,2'-methylene-bis(3 A6-trichlorophenol); 
phenol compounds such as 4-chloro-5-methyl- 
2-( 1 -methylethy l)phenol , 1 -m ethyl -2- hydroxy-4-i so pro- 
pyl benzene, 2-phenyl phenol and4-isopropyJ-3-methyl- 



phenol; diphenyl ether compounds such as 2,4,4'- 
trichloro-2-hydroxydiphenyl ether; carbanilide com- 
pounds such as 3,4,4'-trichlorocarbanilide and 4,4'- 
dichloro-3-(3-fluoromethyl)carbanilide; benzamidine 

5 compounds such as 4,4'-diamidino-cc»a>-diphenoxypro- 
pane isethionate, 4,4'-(trimethylenedioxy)-bis-(3-bro- 
mobenzamidine) isethionate and 1,6-di(4-amidinophe- 
noxy)-n-hexane; cyclic thiohydroxamic acids and salts 
thereof such as pyridine-1-oxide-2-thio!-sodium salts, 

10 zinc bis-(2-pyridinethiol-1-oxide)bis-2(2-pyridylthio) 
zinc-1,1'-dioxide(Zinc Pyrithione); N-acetal compounds 
such as 5-amino-1,3-bis(2-ethylhexyl)-5-methylhex- 
ahydropyrimidine (Hexetidine) and tris-hydroxyethyl- 
hexahydrotriazine; phthalimide derivatives such as 

15 N-(trichloromethylthio)-4-cyclohexane-1 ,2-dicarboxy- 
imide (captane); o-acetal compounds such as 6-ace- 
toxy-2,4-dimethyl-m-dioxane (dimethoxane); oxazolid- 
ine compounds such as 4,4-dimethyl-1,3-oxazolidine 
(oxazine A); quinoline compounds such as 8-hydroxy- 

20 quinoline; cationic substances such as bis(p-chloroph- 
enyldiguanide)hexane and polyhexamethylenebigua- 
nide hydrochloride; quarterly salt compounds such as 
alkyltrimethylammonium bromide, N-dodecyl-N,N- 
dimethylbenzyl ammonium, and N,N-dime- 

25 thy!-N-(2-(2-(4-( 1 , 1 ,3,4-tetramethylbutyl)phenoxy) 

ethoxy)ethyl)- benzene methane ammonium chloride; 
organic mercury compounds such as ethyl mercury thi- 
osalicylate and phenyl acetate mercury; iodine com- 
pounds such as sodium iodate; glyceryl monolaurates; 

30 pyridone derivatives such as 1-hydroxy-4-methyl- 
6-(2,4,4-trimethylpentyl)-2-(1H)pyridone ethanol amine 
salt; and the like. 

[0055] An antiseptic which does not impair significant 
agglomeration of emulsion particles or occlusion of den- 
35 tinal tubules is preferably selected from among these 
antiseptics. 

[0056] An antiseptic suitably used in combination with 
an emulsion of a copolymer of alkyl (meth)acrylate and 
styrene sulfonic acid is 2-phenoxy ethanol, benzoic acid 

40 or phenethyl alcohol. As for toxicities of these antisep- 
tics and mildewproofing agents, benzoic acid has been 
finally allowed for use in cosmetics and 2-phenyl alcohol 
and phenethyl alcohol have been provisionally allowed 
for use in cosmetics (please refer to "COSMETIC AND 

45 DRUG PRESERVATION, PRINCIPLES AND PRAC- 
TICE" edited by Jon J. Kabara, published by Fragrance 
Journal Co.). 

[0057] The amount of the antiseptic component (C) 
differs according to the compound and emulsion used, 
50 while it is generally used in an amount of 0.01 to 50 parts 
by weight, preferably in an amount of 0.01 to 20 parts 
by weight, most preferably in an amount of 0.01 to 10 
parts by weight, based on 100 parts by weight of the 
total of the components (A) and (C). 

55 

Examples 

[0058] The present invention is explained in more de- 
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tail hereinunder with reference to the following exam- 
ples. 

(Preparation of a hypersensitive dentin model) 

[0059] A bovine lower-jaw anterior tooth which was 
removed and frozen for preservation was thawed imme- 
diately before use, and a dentin plate having about 10 
x 10 x 2 mm was cut out from the bovine tooth with a 
low-speed rotary diamond cutter (ISOMET, BUHLER) 
under injection of water. One side of the dentin plate was 
brushed with a toothbrush (GUM manufactured by Bat- 
tler Co.) having dentifrice (WHITE SUNSTAR F manu- 
factured by Sun Star Co.) thereon with a force of 20 to 
30 g/cm 2 for about 2 to 3 minutes under injection of wa- 
ter. After fully washing with water, the dentin plate was 
applied an ultrasonic wave in water for 10 minutes for 
washing to prepare a brushed surface as a hypersensi- 
tive dentin model. Thereafter, it was preserved in water 
until it was used in the following experiments. In this 
preparation, the thus prepared hypersensitive dentin 
model was used within 24 hours. 

(Method for evaluating the effect of relieving 
hypersensitivity) 

[0060] Apparent water was removed from the surface 
of the hypersensitive dentin model taken from water by 
an air blow and dried. One sponge ball (sponge provided 
as an accessory of Super Bond C&B, size S) was picked 
up by tweezers and fully impregnated with the dental 
composition of the present invention to apply the com- 
position to the surface of the hypersensitive dentin mod- 
el. The model was left to stand for 20 seconds and dried 
by an air blow in such a manner that the liquid was not 
scattered around. A coating film for relieving dentin hy- 
persensitivity was thus formed. 

[0061] The hypersensitive dentin model having the 
coating film formed thereon was subjected to an ultra- 
sonic wave in water for 5 minutes (treatment (i)) t or 
brushed with a toothbrush 1 ,000 times with a load of 1 00 
g under injection of water and washed with water (treat- 
ment (ii)). Thereafter, the occlusion of dentinal tubules 
was observed from a 1 ,000X scanning electron photom- 
icrograph. The occlusion of dentinal tubules was evalu- 
ated by the occlusion degree of dentinal tubules repre- 
sented by the following equation. 

Occlusion degree of dentinal tubules (%) = 
(Number of occluded dentinal tubules/ 
Total number of dentinal tubules observed) x 100 

Yoshiyama et al. calculated an opening degree of den- 
tinal tubules in J. Dent. Res. 68(11), pp. 1498-1502, No- 
vember, 1989 and reported that about 75 % of dentinal 



tubules having hypersensitivity were open whereas only 
about 25 % of dentinal tubules free from hypersensitivity 
were open. Evaluation was made based on this report. 
That is, it is evaluated that when the occlusion degree 

5 of dentinal tubules was about 75 % or more in the 
present invention, dentin hypersensitivity was fully re- 
lieved, and when the occlusion degree was about 25 % 
or less, dentin hypersensitivity was not relieved. 
[0062] For the above evaluation, only the occlusion of 

10 dentinal tubules by a coating film can be evaluated by 
removing foreign matters adhered to the surface of the 
coating film through treatment (i). The toothbrush abra- 
sion resistance and occlusion resistance of a coating 
film can be evaluated through treatment (ii), thereby 

15 evaluating film durability in the actual oral cavity. 

(Synthesis Example of an emulsion) 

[0063] 50 ml of distilled water was heated to 60 °C 
and bubbled with a nitrogen gas for 1 hour. Under a ni- 
trogen atmosphere, 2.0 g of methyl methacrylate 
(MMA), 0.54 g of sodium styrene sulfonate (SSNa), 30 
mg of potassium persulfate and 10 mg of sodium hydro- 
gen sulfite were added to the distilled water and stirred 
violently at 60 °C for 2.5 hours. Further, 1.0 g of MMA, 
15 mg of potassium persulfate and 7 mg of sodium hy- 
drogen sulfite were added four times at time intervals of 
30 minutes and then stirred violently for 19.5 hours. The 
resulting mixture was then cooled to room temperature, 
and 0.19 ml of concentrated hydrochloric acid was add- 
ed to the mixture and stirred for 2 hours. The mixture 
was then charged into a dialysis tube to repeat dialysis 
while the distilled water was exchanged every day dur- 
ing 5 days. This tube was dried at normal temperature 
under normal pressure to obtain an emulsion having a 
solid content of 10.9 % by weight. It was found from el- 
emental analysis that the MMA unit content of this pol- 
ymer was 96.9 mol%. When the thus obtained polymer 
was analyzed by GPC using methyl polymethacrylate 
whose molecular weight was known as a standard sam- 
ple, its number average molecular weight (Mn) was 
found to be 1.0 x 10 6 . It was confirmed by observation 
through a transmission microscope that this polymer 
emulsion had a particle diameter in the range of 0.1 to 
0.5 jim and it was also confirmed by laser diffraction/ 
scattering type particle size distribution measuring in- 
strument (LA-910 manufactured by Horiba) that all the 
polymer emulsion particles had a particle diameter of 1 
u.m or less. This emulsion is referred to as MSE herein- 
after. 

[0064] Calcium chloride as a calcium compound was 
added to MSE and stirred. It was observed through a 
transmission microscope that the polymer emulsion par- 
ticles agglomerated and the diameters of agglomerates 
were in the range of 0.1 to 700 ^m with a peak ranging 
from about 0.3 to about 40 pm. 
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Example 1 

[0065] An emulsion containing 5 % by weight of a pol- 
ymer, prepared by diluting MSE with distilled water, and 
an aqueous solution of 3 % by weight of oxalic acid were 5 
kept in separate containers and each 0.05 g fractions 
were taken from the containers immediately before use 
and mixed thoroughly to prepare the dental composition 
of the present invention. The dental composition pre- 
pared within 1 minute after mixing was used. As the re- to 
suit, the occlusion degree of dentinal tubules after treat- 
ment (i) and treatment (ii) was 100 %. 

Example 2 

15 

[0066] The affected part was a tooth worn by excess 
use of a toothbrush. The dental composition of Example 
1 was applied to 20 volunteer patients who suffered from 
dentin hypersensitivity which induced mainly cold water 
and scraping pain sensations. Since the surface of den- 20 
tin was relatively clean, it was dried by a mild air blow 
and then coated with the dental composition of Example 
1 in the same manner as in Example 1 to form a coating 
film. As the result, all the patients did not feel hypersen- 
sitivity which induced cold water and scraping pain sen- 25 
sations immediately after the application and during 
about the past three months. 

Example 3 

30 

[0067] The affected part was a dental root exposed 
by regression of the gum and the dental composition of 
Example 1 was applied to 1 0 volunteer patients who suf- 
fered from dentin hypersensitivity which induced mainly 
a cold water pain sensation. Since the surface of dentin 35 
was relatively clean, it was dried by a mild air blow and 
coated with the dental composition of Example 1 in the 
same manner as in Example 1 to form a coating film. As 
the result, all the patients did not feel hypersensitivity 
which induced a cold water pain sensation immediately *o 
after the application and during about the past three 
months. 

Comparative Example 1 

45 

[0068] After treatment (i) and treatment (ii) were car- 
ried out without using the dental composition of the 
present invention in Example 1, the occlusion degree of 
dentinal tubules was checked and found to be 0 % for 
both treatments (i) and (ii). All dentinal tubules were 50 
open. 

Comparative Example 2 

[0069] The procedure of Example 1 was repeated ex- 55 
cept that only an emulsion containing 5 % by weight of 
a polymer was used in place of the dental composition 
of the present invention. As the result, the occlusion de- 



gree of dentinal tubules after treatment (i) was about 10 
% and that after treatment (ii) was 0 %. 

Comparative Example 3 

[0070] The procedure of Example 3 was repeated ex- 
cept that the emulsion of Comparative Example 2 was 
used in place of the dental composition of the present 
invention. That is, the affected part was a dental root 
exposed by regression of the gum and the above emul- 
sion was applied to 5 volunteer patients who suffered 
from dentin hypersensitivity which induced mainly a cold 
water pain sensation. As the result, four out of the five 
patients did not feel hypersensitivity because the cold 
water pain sensation was eased immediately after the 
application but suffered a relapse of dentin hypersensi- 
tivity about three or four days later. The effect of relieving 
hypersensitivity was not observed in one patient imme- 
diately after the application. 

Comparative Example 4 

[0071] The procedure of Example 1 was repeated ex- 
cept that only an aqueous solution of 30 % by weight of 
potassium oxalate was used in place of the dental com- 
position of the present invention. As the result, the oc- 
clusion degree of dentinal tubules after treatment (i) was 
about 70 % and that after treatment (ii) was 10 %. 

Example 4 

[0072] The procedure of Emulsion Synthesis Exam- 
ple was repeated to synthesize an emulsion exc pt that 
a diafiltration using an ultrafiltration apparatus was used 
in place of a dialysis tube. An ultrafiltration apparatus 
(PC Cassette System manufactured by Rhone Poulenc 
Co.) and a sulfonated polysulfone membrane (IRIS3026 
manufactured by Rhone Poulenc Co;) were used as the 
diafiltration apparatus to purify the emulsion at a dilution 
rate of up to 5 times. The ultrafiltraion was conducted 
under the following conditions: total membrane area of 
0.506 m 2 and average operation pressure of 0.5 to 3 
kgf/cm 2 . The same ultrafiltration apparatus and filtration 
membrane were also used in the following examples. 
The emulsion was diluted with distilled water to a non- 
volatile component concentration of 5 % by w ight. A 
portion of the thus obtained sample was taken out, emul- 
sion particles were filtrated with the ultrafiltration appa- 
ratus and the concentration of metal ions in the filtrate 
was measured using a desk-top plasma emission spec- 
troscopic analyzer (SPS7700, manufactured by Seiko 
Denshi Kogyo Co.). The same measuring instrument 
was also used in the following examples. Most of th 
measured metal ions contained in the dispersing medi- 
um were sodium and potassium ions derived from the 
monomers and the polymerization initiator and other 
metal ions were rareiy detected. Therefore, the quantity 
of only sodium and potassium ions was determined. The 
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concentration of metal ions (Na + K) was found to be 
230 ppm. The emulsion was transferred to a plastic con- 
tainer and kept in the dark at room temperature for about 
3 months. As the result, no generation of mold was ob- 
served. The container used for observation was in ad- 5 
vance cleaned with ethanol and dried to eliminate the 
effects of bacteria adhered in the container. The con- 
tainers used in the following experiments were also 
cleaned before use. 

[0073] The emulsion containing 5 % by weight of a 10 
polymer prepared above and an aqueous solution of 3 
% by weight of oxalic acid (dihydrate) were kept in sep- 
arate containers, and 0.05 g portions were taken out 
from these containers and mixed together just before 
use. The dental composition of the present invention 15 
thus prepared was used within 1 minute after the mixing 
to carry out evaluation on the effect of relieving hyper- 
sensitivity and. durability. As the result, occlusion de- 
grees of dentinal tubules after treatments (i) and (ii) were 
all 1 00 % and that after 35 minutes of ultrasonic cleaning 20 
(treatment (iii)) in place of 5 minutes of ultrasonic clean- 
ing of treatment (i) was about 40 %. 
[0074] the toothbrush abrasion resistance of a coat- 
ing film formed on the surface of dentin and the occlu- 
sion of dentinal tubules can be checked by treatment 25 
(ii). However, since the diameter of the hair of a tooth- 
brush is generally 100 to 400 u.m, the occlusion durabil- 
ity of a coating film formed in a dentinal tubule cannot 
be evaluated. Although ultrasonic waves are not irradi- 
ated actually, 35 minutes of an ultrasonic exposure test 30 
(treatment (iii)) was made to evaluate the occlusion du- 
rability of the inside of a dentinal tubule. 

Experiments on generation of mold and experiments on 
applicability of antiseptics 35 

Run No.1 

[0075] An emulsion newly synthesized in the same 
manner as in Emulsion Synthesis Example and purified 40 
with a dialysis tube was diluted with distilled water to a 
nonvolatile component concentration of 5 % by weight. 
A portion of the thus obtained sample was taken out, 
and emulsion particles were used for the measurement 
of the concentration of metal ions in the filtrate in the 45 
same manner as in Example 4. The concentration of 
metal ions (Na + K) was found to be 1,200 ppm. The 
emulsion was transferred to a plastic container with a 
lid and kept in the dark at room temperature for about 3 
months. Black mold as large as 0.1 to 3 mm grew at 50 
many places in the emulsion. 

Run No.2 

[0076] The emulsion of Run No.1 containing 5 % by 55 
weight of the polymer just after purification and an aque- 
ous solution of 3 % by weight of oxalic acid (dihydrate) 
were kept in separate containers and 0.05 g portions 



were taken out from these containers and mixed togeth- 
er just before use. The dental composition of the present 
invention thus prepared was used within 1 minute after 
the mixing to carry out evaluation on the effect of reliev- 
ing hypersensitivity and durability. As the result, occlu- 
sion degrees of dentinal tubules after treatments (i) and 
(ii) were all 100 % and that after treatment (iii) was 0 %. 

Run No.3 

[0077] An emulsion newly synthesized in the same 
manner as in Emulsion Synthesis Example and purified 
with a dialysis tube was diluted with distilled water to a 
nonvolatile component concentration of 5 % by weight. 
A portion of the thus obtained sample was taken out, 
and emulsion particles were used for the measurement 
of the concentration of metal ions in the filtrate in the 
same manner as in Example 4. The concentration of 
metal ions (Na + K) was found to be about 300 ppm. 
The emulsion was transferred to a plastic container with 
a lid and kept in the dark at room temperature for about 
3 months. Black mold as large as 0.1 to 3 mm were 
grown at several places in the emulsion. 

Run No. 4 

[0078] An emulsion was newly synthesized in the 
same manner as in Emulsion Synthesis Example and 
purified at a dilution rate of 0.3 time using a diafiltration 
apparatus. The emulsion was diluted with distilled water 
to a nonvolatile component concentration of 5 % by 
weight. A portion of the thus obtained sample was taken 
out, and emulsion particles were used for the measure- 
ment of the concentration of metal ions in the filtrate in 
the same manner as in Example 4. The concentration 
of metal ions (Na + K) was found to be about 1 ,500 ppm. 
The emulsion was transferred to a plastic container with 
a lid and kept in the dark at room temperature for about 
3 months. As the result, no growth of mold was ob- 
served. The results of evaluation on the effect of reliev- 
ing hypersensitivity and evaluation on durability were all 
about 80 % after treatments (i) and (ii) and 0 % after 
treatment (iii). The effect of preventing the growth of 
mold obtained by using a diafiltration apparatus was 
confirmed by comparison between this run and Run No. 
3. However, the durability of the resulting coating film 
was insufficient. 

Run No.5 

[0079] An emulsion was newly synthesized in the 
same manner as in Emulsion Synthesis Example and 
purified at a dilution rate of 2 times using a diafiltration 
apparatus. The emulsion was diluted with distilled water 
to a nonvolatile component concentration of 5 % by 
weight. A portion of the thus obtained sample was taken 
out, and the concentration of metal ions in the filtrate 
was measured in the same manner as in Example 4. 
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The concentration of metal ions (Na + K) was found to 
be about 970 ppm. The emulsion was transferred to a 
plastic container with a lid and kept in the dark at room 
temperature for about 3 months. As the result, no growth 
of mold was observed. The results of evaluation on the 5 
effect of relieving hypersensitivity and evaluation on du- 
rability were all about 90 % after treatments (i) and (ii) 
and about 20 % after treatment (iii). Improvement in the 
durability of the resulting coating film by reducing the 
concentration of metal ions in the dispersing medium 10 
was confirmed by comparison between this run and Run 
No.4. 

Run No.6 

15 

[0080] An emulsion was newly synthesized in the 
same manner as in Emulsion Synthesis Example and 
purified at a dilution rate of 5 times using a diafiltration 
apparatus. The emulsion was diluted with distilled water 
to a nonvolatile component concentration of 5 % by 20 
weight. A portion of the thus obtained sample was taken 
out, and emulsion particles were used for the measure- 
ment of the concentration of metal ions in the filtrate in 
the same manner as in Example 4. The concentration 
of metal ions (Na + K) was found to be about 300 ppm. 25 
The emulsion was transferred to a plastic container and 
kept in the dark at room temperature for about 3 months. t 
As the result, no growth of moid was observed. The re- 
sults of evaluation on the effect of relieving hypersensi- 
tivity and evaluation on durability were all 100 % after 30 
treatments (i) and (ii) and about 40 % after treatment (iii). 

Run No.7 

[0081] A 10 g portion of the emulsion (metal ions: 970 35 
l ppm) of Run No.5 was put into a 20 ml (cc) brown glass 
bottle with a plastic screw lid as a sample, and 3 samples 
were prepared for the emulsion. Further, mold grown in 
the emulsion of Run No.1 was cut into 1 to 2 mm pieces 
and each piece was transplanted to each sample. After *o 
measuring the size of the mold with calipers, the mold 
was left to stand in the dark at room temperature for 2 
months. As the result, the mold in one out of the three 
samples grew about 25 % bigger, but the mold in the 
other two samples remained unchanged in size. This in- 45 
dicates that growth of bacteria such mold can be sup- 
pressed even when they have entered the emulsion af- 
ter diafiltration. 

Run No-8 50 

[0082] A 10 g portion of the emulsion (metal ions: 300 
ppm) of Run No.6 was put into a 20 ml (cc) brown glass 
bottle with a plastic screw lid as a sample, and 3 samples 
were prepared for the emulsion. Further, mold grown in 55 
the emulsion of Run No.1 was cut into 1 to 2 mm pieces 
and each piece was transplanted to each sample. After 
measuring the siz of the mold with calipers, the mold 



was left to stand in the dark at room temperature for 1 
to 2 months. As the result, the mold in all the three sam- 
ples remained unchanged in size. 

Run No.9 

[0083] A 10 g portion of the emulsion (metal ions: 
1 ,500 ppm) of Run No.4 was put into a 20 ml (cc) brown 
glass bottle with a plastic screw lid as a sample, and 3 
samples were prepared for the emulsion. Further, mold 
grown in the emulsion of Run No.1 was cut into 1 to 2 
mm pieces and each piece was transplanted to each 
sample. After measuring the size of the mold with cali- 
pers, the mold was left to stand in the dark at room tem- 
perature for 1 to 2 months. As the result, the mold in all 
the three samples grew bigger by 10 to 50 %. This indi- 
cates that bacteria such as mold grow after they have 
entered the emulsion after diafiltration and impairs san- 
itation in the composition of the present invention, dis- 
advantageous!^ 

Run No. 10 

[0084] To the emulsion (metal ions: 1 ,500 ppm) of Run 
No.4 was added 3 % by weight of 2-phenyl alcohol as 
an antiseptic, and mold was transplanted to the emul- 
sion and left to stand in the dark at room temperature 
for 1 month as in Run No.7. No size expansion of the 
mold was observed in all the samples and the emulsion 
remained unchanged in state. 

Run No.11 

[0085] To the emulsion (metal ions: 1 ,500 ppm) of Run 
No.4 was added 0.3 % by weight of benzoic acid as an 
antiseptic, and mold was transplanted to the emulsion 
and left to stand in the dark at room temperature for 1 
month as in Run No.7. No size expansion of th mold 
was observed in all the samples and the emulsion re- 
mained unchanged in state. 

Run No.12 

[0086] To the emulsion (metal ions: 1,500 ppm) of Run 
No.4 was added 2 % by weight of phenethyl alcohol as 
an antiseptic, and mold was transplanted to the emul- 
sion and left to stand in the dark at room temperature 
for 1 month as in Run No.7. No size expansion of the 
mold was observed in all the samples and the emulsion 
remained unchanged in state. 

Run No.13 

[0087] To the emulsion (metal ions: 1 ,500 ppm) of Run 
No.4 was added 0.5 % by weight of salicylic acid as an 
antiseptic, but the salicylic acid did not dissolv in the 
emulsion. 
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Run No.14 

[0088] To the emulsion (metal ions: 1 ,500 ppm) of Run 
No. 4 was added 0.5 % by weight of formaldehyde as an 
antiseptic, but the emulsion agglomerated within 1 5 
week. 

Run No.15 

[0089] To the emulsion (metal ions: 1 ,500 ppm) of Run 10 
No.4 was added 0.5 % by weight of glutaraldehyde as 
an antiseptic, but the emulsion agglomerated within 1 
week. 

Run No.16 15 

[0090] To the emulsion (metal ions: 1 ,500 ppm) of Run 
No.4 was added 0.5 % by weight of zinc-bis-(2-pyridi- 
nethiol-1 -oxide)bis-(2~pyridylthio)zinc-1 , 1 '-dioxide(Zinc 
Pyrithione) as an antiseptic, but the emulsion agglom- 20 
erated immediately. 

Claims 

25 

1 . A dental composition for relieving dentin hypersen- 
sitivity comprising (A) an aqueous emulsion com- 
ponent (1) which contains, as emulsion particles, 
polymer particles having a diameter smaller than 
that of a dentinal tubule and forming an agglomer- 30 
ate larger than the diameter of a dentinal tubule 
when they react with a calcium compound and (2) 
which has a metal ion concentration in a dispersing 
medium of 1 ,000 ppm or less, and (B) a water-sol- 
uble organic acid component or a water-soluble salt 35 
component thereof, a calcium salt of the organic ac- 
id being insoluble or hardly soluble in water. 

2. The dental composition of claim 1, wherein the 
aqueous emulsion component (A) is purified by a *o 
diafiltration method using an ultrafiltration appara- 
tus to reduce its metal ion concentration in the dis- 
persing medium to 1,000 ppm or less. 

3. The dental composition of claim 1 , wherein the pro- 45 
portion of the component (A) is 50 to 99.5 parts by 
weight based on 100 parts by weight of the total of 
the components (A) and (B). 

4. The dental composition of claim 1 , wherein the pro- 50 
portion of a polymer contained in the component (A) 

is 0.1 to 60 parts by weight, in terms of a solid con- 
tent, based on 100 parts by weight of the dental 
composition. 

55 

5. The dental composition of claim 1, wherein the 
emulsion particles of the polymer contained in the 
component (A) include particles having a particle di- 



ameter of less than 3 \im. 

6. The dental composition of claim 1 , wherein the com- 
ponent (A) is an emulsion of a polymer having at 
least one functional group which is capable of re- 
acting with a calcium compound and selected from 
the group consisting of a carboxyl group, a group 
having at least one hydroxyl group bonded to a 
phosphorus atom and a sulfonic acid group. 

7. The dental composition of claim 1 , wherein the com- 
ponent (A) is an emulsion of a copolymer consisting 
of an alkyl (meth)acrylate component and a styrene 
sulfonic acid component. 

8. The dental composition of claim 1 , wherein the com- 
ponent (B) is at least one water-soluble oxalic acid 
compound selected from the group consisting of 
oxalic acid, and metal salts, ammonium salts and 
amine salts of oxalic acid. 

9. The dental composition of claim 1, which further 
contains (C) at least one antiseptic component se- 
lected from inorganic and organic antiseptics. 

Patentanspruche 

1. Dentalzusammensetzung zur Erleichterung einer 
Dentinhypersensibilitat, umfassend (A) einen 
wassrigen Emulsionsbestandteil (1), der als Emul- 
sionsteilchen Polymerteilchen enthalt, mit einem 
Durchmesser, der geringer ist als der des Zahn- 
bein-Tubulus, und ein Agglomerat bildet, das gros- 
ser ist als der Durchmesser eines Zahnbein-Tubu- 
lus, wenn sie mit einer Calciumverbindung reagie- 
ren und (2) die eine Metallionenkonzentration in ei- 
nem Dispersionsmedium von 1 .000 ppm oder we- 
niger aufweist, und (B) einen wasserloslichen orga- 
nischen Saurebestandteil oder einen wasserlosli- 
chen Salzbestandteil davon, wobei ein Calciumsalz 
der organischen Saure in Wasser unloslich oder 
fast nicht loslich ist. 

2. Dentalzusammensetzung gemass Anspruch 1 , wo- 
bei der wassrige Emulsionsbestandteil (A) durch 
ein Diafiltrationsverfahren unter Verwendung einer 
Ultrafiltrationsvorrichtung gereinigt wird, um seine 
Metallionenkonzentration in dem Dispersionsmedi- 
um auf 1 .000 ppm oder weniger zu reduzieren. 

3. Dentalzusammensetzung gemass Anspruch 1 , wo- 
bei der Anteil des Bestandteils (A) 50 bis 99,5 Gew. 
-Teile, basierend auf 100 Gew.-Teilen der Gesamt- 
heit der Bestandteile (A) und (B), betragt. 

4. Dentalzusammensetzung gemass Anspruch 1, wo- 
bei der Anteil des Polymers, der in dem Bestandteil 
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(A) enthalten ist, 0,1 bis 60 Gew.-Teile als Feststoff- 
gehalt, basierend auf 100 Gew.-Teilen der Dental- 
zusammensetzung, betragt. 

5. Dentalzusammensetzung gemass Anspruch 1 , wo- 
bei die Emulsionsteilchen des Polymers, die in dem 
Bestandteil (A) enthalten sind, Teilchen beinhalten 
mit einem Teilchendurchmesser von weniger als 3 
fim. 

6. Dentalzusammensetzung gemass Anspruch 1 , wo- 
bei der Bestandteil (A) eine Emulsion eines Poly- 
mers ist, das mindestens eine funktionelle Gruppe 
aufweist, die in der Lage ist, mit einer Calciumver- 
bindung zu reagieren und ausgewahlt ist aus der 
Gruppe, bestehend aus einer Carboxylgruppe, ei- 
ner Gruppe mit mindestens einer Hydroxylgruppe, 
die an ein Phosphoratom gebunden ist, und einer 
Sulfonsauregruppe. 

7. Dentalzusammensetzung gemass Anspruch 1 , wo- 
bei der Bestandteil (A) eine Emulsion eines Copo- 
lymers ist, bestehend aus einem Alkyl(meth)acry- 
lat-Bestandteil und einem Styrolsulfonsaure-Be- 
standteil. 

8. Dentalzusammensetzung gemass Anspruch 1 , wo- 
bei der Bestandteil (B) mindestens eine wasserios- 
liche Oxaisaureverbindung ist, ausgewahlt aus der 
Gruppe, bestehend aus Oxalsaure und Metallsal- 
zen, Ammoniumsalzen und Aminsalzen der Oxal- 
saure. 

9. Dentalzusammensetzung gemass Anspruch 1, die 
weiterhin (C) mindestens einen antiseptischen Be- 
standteil enthalt, ausgewahlt aus anorganischen 
und organischen Antiseptika. 

Revendications 

1. Une composition de soins dentaires pour soulager 
Thypersensibilite de la dentine comprenant (A) un 
composant en emulsion aqueuse (1) qui renferrne, 
comme particules d'emulsion, des particules de po- 
lymere ayant un diametre inferieur a celui d'une tu- 
bule dentinaire et formant un agglomerat plus grand 
que le diametre d'une tubule dentinaire lorsqu'elles 
reagissent avec un compose de calcium et (2) qui 
a une concentration d'ions metalliques dans un mi- 
lieu de dispersion de 1.000 ppm ou moins, et (B) un 
composant d'acide organique soluble dans I'eau ou 
un sel soluble dans I'eau de celui-ci, un sel de cal- 
cium de I'acide organique etant insoluble ou peu so- 
luble dans I'eau- 

2., La composition de soins dentaires selon la reven- 
dlcaiion 1, dans laquelle le composant d'emulsion 



aqueuse (A) est purifie par un procede de diafiltra- 
tion utilisant un appareil d'ultrafiltration pour reduire 
sa concentration d'ions metalliques dans le milieu 
de dispersion a 1.000 ppm ou moins. 

5 

3. La composition de soins dentaires selon la reven- 
dication 1, dans laquelle la proportion du compo- 
sant (A) est de 50 a 99,5 parties en poids, calcule 
pour 100 parties en poids du total des. composants 

10 (A) et (B). 

4. La composition de soins dentaires selon la reven- 
dication 1, dans laquelle la proportion d'un polyme- 
re contenue dans le composant (A) est de 0,1 a 60 

15 parties en poids, en termes de teneur en solide, cal- 
cule sur 100 parties en poids de la composition de 
soins dentaires. 

5. La composition de soins dentaires selon la reven- 
20 dication 1, dans laquelle les particules d'emulsion 

du polymere contenues dans le composant (A) r n- 
ferment des particules ayant un diametre de parti- 
cule inferieur a 3 u,m. 

25 6. La composition de soins dentaires selon la reven- 
dication 1, dans laquelle le composant (A) est une 
emulsion d'un polymere ayant au moins un groupe 
fonctionnel qui est capable de reagir avec un com- 
pose de calcium et choisi parmi le groupe compre- 

30 nant un groupe carboxyle, un groupe ayant au 
moins un groupe hydroxyle fixe a un atome de 
phosphore et un groupe acide sulfonique. 

7. La composition de soins dentaires selon la rev n- 
35 dication 1, dans laquelle le composant (A) est une 
emulsion d'un copolymere se composant d'un com- 
posant de (meth) acrylate d'alkyle ei d'un compo- 
sant d'acide styrene-sulfonique. 

40 8. La composition de soins dentaires selon la r ven- 
dication 1, dans laquelle le composant (B) est au 
moins un compose d'acide oxalique solubl dans 
I'eau choisi parmi le groupe comprenant I'acid oxa- 
lique et les sels de metaux, les sels d'ammonium et 

45 les sels d'amine d'acide oxalique. 

9. La composition de soins dentaires selon la reven- 
dication 1, qui renferrne, en outre, (C) au moins un 
composant antiseptique choisi parmi des antisepti- 
50 ques organiques et non organiques. 
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